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Abstract

Piperazine and thiazole moieties are commonly found in medicines and bioactive compounds. One of the
fruitful ways in drug design is the hybridization of privilege structures in one skeleton, which are thought to
provide a distinguishing feature with better or more selective biological activities than the two scaffolds. In
this study, a series of bis-thiazoles, linked to piperazine as novel hybrid molecules, were synthesized in good
yields by reacting the appropriate a-halo ketones or a-keto-hydrazonoyl chlorides with the corresponding
piperazine bis(hydrazinecarbothioamide) in EtOH/DMF at reflux, in the presence of a few drops of TEA. The
initial bis-thiosemicarbazones were formed by reacting the appropriate bis-aldehyde or bis-ethanone with
thiosemicarbazide in EtOH with a few drops of AcOH at reflux. The novel compounds' structures were
validated using elemental analysis and spectrum data.
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Introduction

Studies have shown that the piperazine scaffold possesses antimalarial, anticancer, antibacterial,
antituberculosis, antipsychotic, antiviral, antifungal, anti-Alzheimer's, analgesic, antidiabetic, and
anticonvulsant characteristics. ™0 Figure 1 displays two drugs containing a piperazine core as a crucial
structural element.

Additionally, thiazole-based frameworks are the most fascinating heterocycles in the field of synthetic
medicinal chemistry due to their ease of chemical synthesis and structural refinement.!' Furthermore,
thiazoles display antidiabetic, antibacterial, anti-inflammatory, antiviral, antioxidant, anticancer, antiprotozoal,
antifungal, and analgesic properties. 12%3 Furthermore, they can be found in 18 FDA-approved medications,
including meloxicam for anti-inflammatory purposes, tiazofurin and epothilone for antitumor treatment,
febuxostat for antigout relief, isavuconazole as an antifungal, nizatidine and famotidine for antihistaminic use,
thiabendazole and nitazoxanide for antiparasitic treatment, and sulfathiazole, aztreonam, ceftriaxone,
cefepime, and edoxaban as antibacterial or anticoagulant options (Figure 1).14-16

Additionally, over the past couple of decades, the concept of molecular hybridization has garnered
significant attention in drug development. By combining two pharmacophoric components from different
bioactive compound categories, this method creates new hybrid molecules that are both more potent and
resilient in biological applications.”*® Typically, lipophilicity is increased with larger molecule sizes compared
to the original size. Hybridizing could result in safer and more efficient cancer drugs than those currently
available.1%20

It has been noted that many bis-heterocycles with the appropriate linker display antibacterial, anti-
allergic, anticancer, and other disease-combating properties.?%?2

With these findings and our ongoing focus on creating bis(heterocycles) derivatives involving carbon-
carbon bond formations 23742 we introduce the development and production of unique hybrid compounds
comprised of bis(thiazoles) linked to piperazine.
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Figure 1: Some clinically approved drugs (FDA-approved) including piperazine or thiazole ring moiety

Results and Discussion

Synthesis
Bis-aldehydes 3a and 3b were prepared in good yields by reacting 1,1'-(piperazine-1,4-diyl)bis(2-chloroethan-
1-one) 2 with potassium salts of salicylaldehyde 1a, and p-hydroxybenzaldehyde 1b (Scheme 1) in DMF at

reflux.43
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Scheme 1 Synthesis of bis-aldehydes 3a and 3b

The novel bis(thiosemicarbazones) 5 and 6 were effectively synthesized in 83 and 79% yields, respectively,
from bis-aldehydes 3a and 3b by reacting them with thiosemicarbazide (4) in refluxing EtOH containing a few

drops of AcOH.
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Scheme 2 Synthesis of bis(thiosemicarbazones) 5 and 6

Bis(thiosemicarbazones) 5 and 6 were utilized as intermediates in the synthesis of novel bis(thiazoles).
Thus, the reaction of 5 with phenacyl bromide (7a) and 2-bromo-1-(4-chlorophenyl)ethenone (7b) in
ethanol/DMF mixture at reflux in the presence of a few drops of TEA, led to the formation of bis(4-
arylthiazoles) 8a and 8b in which (thiazol-2-yl)hydrazineylidene are linked to the piperazine core via the
phenoxyacetyl linker in 85% and 88% yields, respectively (Scheme 3). Similarly, the reaction of 5 with 2-bromo-
1-(5-methyl-1-phenyl-1H-pyrazol-4-yl)ethanone (9) yielded bis(1H-pyrazol-5-yl)thiazole 10 in which (1H-
pyrazol-5-yl)thiazol-2-yl)hydrazineylidene is linked to the piperazine core via the phenoxyacetyl linker in 78%
yield (Scheme 3). Compound 10 represents an intriguing hybrid molecule with three distinct bioactive

heterocyclic moieties.
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Scheme 3 Synthesis of bis(4-thiazoles) 8a, 8b, and 10
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Similarly, in the presence of TEA as a catalyst, the reaction of the bis(hydrazinecarbothioamide) 5 with the
corresponding a-keto-hydrazonoyl chloride 11 ethanol/DMF mixture at reflux yielded the corresponding
bis(thiazole) 12 in which (4-chlorophenyl)diazenylthiazol-2-ylhydrazineylidene is linked to the piperazine core

via the phenoxyacetyl linker in 85% yield (Scheme 4).
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Scheme 4 Synthesis of bis[5-(4-chlorophenyldiazenyl)thiazole] 12

Cl

The evaluation of the reaction's generality involved the synthesis of bis(thiazoles) 13 and 14 in 79 and
91% yields, respectively, through the reaction of the bis(hydrazinecarbothioamide) 6 with N-(4-chlorophenyl)-
2-oxopropanehydrazonoyl chloride 11 and 2-bromo-1-(4-chlorophenyl)ethenone (7b) under comparable
conditions, as illustrated in Scheme 5.
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Scheme 5 Synthesis of bis(thiazoles) 13, and 14

By reacting 1,1'-(piperazine-1,4-diyl)bis(2-chloroethan-1-one) (2) with the potassium salt of p-hydroxy
acetophenone (15) in DMF at reflux, 1,1'-(piperazine-1,4-diyl)bis(2-(4-acetylphenoxy)ethan-1-one) 16 was
effectively produced in a 79% vyield (Scheme 6). The equivalent bis(hydrazinecarbothioamide) 17 was
produced by the reaction of 16 with thiosemicarbazide (4) in refluxing EtOH containing a few drops of AcOH.
In a 71% vyield, 1,1'-(Piperazine-1,4-diyl)bis(2-(4-(2-bromoacetyl)phenoxy)ethan-1-one) 18 was produced by
reacting 16 with N-bromosuccinimide in acetonitrile at reflux while p-toluenesulfonic acid (PTSA) was present
as a catalyst (Scheme 6).%°
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Scheme 6 Synthesis of bis(acetylphenoxyethan-1-one) 16, bis(hydrazinecarbothloamlde) 17, and
bis(bromoacetylphenoxyethan-1-one) 18

The potential of bis(hydrazinecarbothioamide) 17 as a precursor for new bis-thiazoles was also explored.
Bis-thiazoles 19, 21, and 23 can be produced in 87, 85, and 83 % vyields, respectively, by the reaction of 17 with
2-bromo-1-(4-chlorophenyl)ethenone (7b), 1-(benzo[d]thiazol-2-yl)-2-bromoethanone (20), and a-keto-
hydrazonoyl chloride 11 in refluxing ethanol/DMF mixture in the presence of TEA resulted (Scheme 7).
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Scheme 7 Synthesis of bis(thiazoles) 19, 21, and 23

In Scheme 8, 1,1'-(piperazine-1,4-diyl)bis(2-(4-(2-(2-(-4-nitrobenzylidene)hydrazineyl)thiazol-4-
yl)phenoxy)ethan-1-one) (25) was synthesized by reacting bis(a-bromoketone) 18 with 2-(4-
nitrobenzylidene)hydrazine-1-carbothioamide 24 in a refluxing EtOH/DMF mixture containing a few drops of

TEA.
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Scheme 8 Synthesis of bis(thiazole) 25
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In Scheme 9, we propose that the formation of bis-thiazoles begins with the formation of non-isolable
intermediates | through S-alkylation of the appropriate hydrazinecarbothioamides 5, 6, or 17 with the
corresponding a-bromoketones, and hydrogen bromide is removed to yield S-alkylated intermediates |. The
latter underwent sequential in situ cyclization to the respective non-isolable intermediates Il, which, following
the loss of water molecules under the experimental circumstances, gave the desired bis-thiazoles 8a,b, 10, 13,
19, 21, or 23 as the end condensation products.
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Scheme 9 A plausible mechanism for the formation of the target bis-thiazoles

Spectroscopy

All isolated products were characterized using elemental analysis and spectrum data, which agree with the
predicted structures. The IR spectrum of 8a, a sample example, revealed absorption bands at 3250 cm™ and
1659 cm™ due to NH and CO stretching frequencies. The 'H NMR spectrum revealed a D,O-exchangeable
signal at 6 12.04 attributable to NH protons and a distinctive singlet signal at 6 7.27 ascribed to C-5 protons in
the thiazole ring. They also included the methylene ether linkage OCH; as a singlet signal at 6 4.91 ppm. The
piperazine showed wide signals at & 3.45-3.53 All additional protons were detected with the predicted
chemical shifts and integral values. Compound 8a's mass spectrum revealed the expected molecular ion peak
at m/z 756. The IR spectra of 14 showed absorption bands at 3233 cm™ from NH groups and 1661 cm™ from
CO groups. The mass spectra also showed predicted molecular ion peaks at m/z 908 The 'H NMR spectra of 23
revealed a D,0O-exchangeable signal at 6 10.57 due to NH protons, as well as acute singlet signals at 2.44, 2,52,
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and 5.00 ppm attributable to 4-CHs of the thiazole group, CHs of the hydrazone group, and OCH; of the linker,
respectively. Piperazine-related signals and aromatic protons occurred in the predicted sites.

Conclusions

Molecular hybridization has lately emerged as a highly effective drug discovery strategy. In this work, we
designed and synthesizeda new family of bis(thiazoles) that are connected to piperazine via the
phenoxyacetyl group. As hybrid molecules with two separate pharmacophores, the newly
synthesized compounds are likely to have diverse biological roles and dual activity. The simple synthesis of
these compounds in high yields under mild reaction conditions using readily available starting materials may
open the way for novel bis(functionalized) heterocycles with predicted biological and pharmacological
properties.

Experimental Section

General. Melting points were measured with a Stuart melting point apparatus and were uncorrected. The IR spectra
were recorded using an FTIR Bruker-vector 22 spectrophotometer as KBr pellets. The *H and *C NMR spectra were
recorded in DMSO-ds as a solvent with a Varian Mercury VXR-300 NMR spectrometer operating at 300 MHz for 'H
NMR and 75 MHz for 3C NMR or on a JEOL JNM-LA500 spectrometer, operating at 500 MHz for 'H NMR, and
125.65 MHz for 3C NMR using TMS as an internal standard. Chemical shifts were reported as 6 values in ppm. Mass
spectra were recorded with a Shimadzu GCMS-QP-1000 EX mass spectrometer in an El (70 eV) model. The
elemental analyses were performed at the Microanalytical Centre, Cairo University

General procedure for the synthesis of compounds 3a and 3b. Salicylaldehyde 1a, or p-hydroxybenzaldehyde
1b (10 mmol) was dissolved in hot ethanolic KOH solution (prepared by dissolving 0.56 g (10 mmol) of KOH in
10 mL of absolute ethanol), and the solvent was then removed in vacuo. The remaining material was dissolved
in DMF (10 mL) and 1,1'-(piperazine-1,4-diyl)bis(2-chloroethan-1-one) (2) (5 mmol) was added. The reaction
mixture was refluxed for 10 min. during which KCl was separated. The solvent was then removed in vacuo and
the remaining materials were poured onto crushed ice. The crude products recrystallized from the proper
solvent to give 3a and 3b, respectively.

4,4'-((Piperazine-1,4-diylbis(2-oxoethane-2,1-diyl))bis(oxy))dibenzaldehyde (3a). Colorless solid
(Ethanol/Acetic acid), (94%), mp 190-192 °C; IR (KBr, u cm™): 2865, 2744 (aldehyde CH), 1664 (CO).'H NMR
(300 MHz, DMSO-d): 6 3. 5 (d, 8H, -NCH-), 5.04 (s, 4H, -OCH,-), 7.12 (d, 4H, Ar-H, J 9 Hz),7.85 (d, 4H, Ar-H, J
8.7 Hz), 9.87 (s, 2H, -CHO); 13C NMR (75 MHz, DMSO-ds): 6 43.9, 65.8, 115.2, 129.8, 131.6, 163.1, 165.5, 191.3;
MS: m/z (%) 410 [M]*. Anal. Calcd. For C22H22N206: C, 64.38; H, 5.40; N, 6.83. Found: C, 64.37; H, 5.42; N,
6.87%.
2,2'-((Piperazine-1,4-diylbis(2-oxoethane-2,1-diyl))bis(oxy))dibenzaldehyde (3b). Colorless solid
(Ethanol/DMF), (90% yield), mp 254-256 °C; IR (KBr, u cm™): 2874,2771 (aldehyde CH), 1651 (aldehyde CO),
1599 (amide CO); *H NMR (300 MHz, DMSO-ds): 6 3.5 (d, 8H, -NCH.-), 5.11 (s, 4H, -OCH,-), 7.07-7.19 (m, 4H,
Ar-H), 7.63-7.73 (m, 4H, Ar-H), 10.46 (s, 2H, -CHO). MS: m/z (%) 410 [M]*. Anal. Calcd. For C22H22N206: C, 64.38;
H, 5.40; N, 6.83. Found: C, 64.42; H, 5.37; N, 6.89%.
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Synthesis of bis(2-arylidenehydrazine-1-carbothioamides) 5 and 6. To a solution of the piperazine
bis(aldehyde) compound 3a,b (10 mmol) in absolute ethanol (25mL) containing 1ml of acetic acid,
thiosemicarbazide (4) (20 mmol) was added. The reaction mixture was heated under reflux for 3 h and then
cooled. The solid formed was collected by filtration and recrystallized from ethanol/DMF to give 5,6 as Paige
powder.

2,2'-((((Piperazine-1,4-diylbis(2-oxoethane-2,1-diyl))bis(oxy))bis(4,1-phenylene))
bis(methaneylylidene))bis(hydrazine-1-carbothioamide (5). Paige powder (83%), mp 222-224 °C; IR (cm™):
3409, 3292 (NH,), 3150 (NH), 1665 (C=0); *H-NMR (DMSO): 6 3.47 (d, 8H, -NCH>-), 4.90 (s, 4H, -OCH,-), 6.92
(d, J 8.5 Hz, 4H, ArH), 7.69 (d, J 8.5 Hz, 4H, ArH), 7.91 (s, 4H, NH,), 8.12 (s, 2H, CH=N), 11.23 (s, 2H, NH); 13C-
NMR: & 47.4, 68.7, 116.2, 126.5, 130.2, 146.9, 160.4, 166.4, 178.2; MS: m/z (%) 556 (M*). Anal. Calcd. For
C24H28Ns04S2: C, 51.78; H, 5.07; N, 20.13; S, 11.52. Found: C, 51.73; H, 5.06; N, 20.11; S, 11.53%
2,2'-((((Piperazine-1,4-diylbis(2-oxoethane-2,1-diyl))bis(oxy))bis(2,1-phenylene))
bis(methaneylylidene))bis(hydrazine-1-carbothioamide. (6). Paige powder (79%), mp 211-213 °C; IR (cm™):
3423, 3297 (NH,), 3133 (NH), 1661 (C=0); 'H-NMR (DMSO): & 3.49 (d, 8H, -NCH>-), 4.95 (s, 4H, -OCH,-), 7.00 (s,
4H, NH,), 7.62-7.82 (m, 8H, ArH), 8.10 (s, 2H, CH=N), 11.14 (s, 2H, NH); MS: m/z (%) 556 (M*). Anal. Calcd. For
Ca4H28Ng04S;5: C, 51.78; H, 5.07; N, 20.13; S, 11.52. Found: C, 51.73; H, 5.06; N, 20.11; S, 11.53%.

Synthesis of bis(thiazoles) 8a, 8b, 10, and 13

General procedure. A mixture of the appropriate 2-bromoethanone derivatives (2 mmol) with the
bis(aldehydethiosemicarbazone) 5 or 6 (1 mmol) was dissolved in ethanol (25 mL), TEA (0.2 mL) was added,
and the reaction mixture was heated at reflux for 3-5 h. The reaction mixture was then left to cool, the solid
product was filtered off and recrystallized from ethanol/DMF, to afford compounds 8a, 8b, 10, and 13.
1,1'-(Piperazine-1,4-diyl)bis(2-(4-(-(2-(4-phenylthiazol-2-yl)hydrazineylidene) methyl) phenoxy)ethan-1-one)
(8a). Creamy powder (85%), mp 266-268 °C; IR (cm™): 3250 (NH), 1659 (C=0); 'H-NMR (DMSO): & 3.49 (d, 8H,
-NCH,-), 4.91 (s, 4H, -OCH,-), 6.97 (d, J 8.5 Hz, 4H, ArH), 7.27 (s, 2H, thiazole-5-H), 7.28-7.57 (m, 10H, ArH),
7.82 (d, J 8.5 Hz, 4H, ArH), 7.95 (s, 2H, CH=N), 12.04 (s, 2H, NH); MS: m/z (%) 756 (M*). Anal. Calcd. For
CaoH36Ng04S;: C, 63.47; H, 4.79; N, 14.80; S, 8.47. Found: C, 63.48; H, 4.76; N, 14.77; S, 8.49%.
1,1'-(Piperazine-1,4-diyl)bis(2-(4-((2-(4-(4-chlorophenyl)thiazol-2-yl)hydrazineylidene)
methyl)phenoxy)ethan-1-one) (8b). Yellow crystal (88%), mp 285-287 °C; IR (cm™): 3256 (NH), 1655 (C=0);
'H-NMR (DMSO): 6 3.49 (d, 8H, -NCH>-), 4.90 (s, 4H, -OCH>-), 6.97 (d, J 8.5 Hz, 4H, ArH), 7.34 (s, 2H, thiazole-
5-H), 7.41-7.57 (m, 8H, ArH), 7.83 (d, J 8.5 Hz, 4H, ArH), 7.95 (s, 2H, CH=N), 12.03 (s, 2H, NH); 13C-NMR: & 45.5,
68.6, 104.0, 115.9, 126.2, 127.6, 129.4, 130.3, 136.3, 143.6, 150.0, 160.7, 167.1, 179.3; MS: m/z (%) 825 (M*).
Anal. Calcd. For Cs0H34Cl2Ng04S2: C, 58.18; H, 4.15; N, 13.57; S, 7.76. Found: C, 58.15; H, 4.11; N, 13.59; S,
7.73%.
2-(4-(-(2-(4-(5-Methyl-1-phenyl-1H-pyrazol-4-yl)thiazol-2-yl)hydrazineylidene)methyl)-phenoxy)-1-(4-(2-(4-(-
(2-(4-(4-methyl-1-phenyl-1H-pyrazol-5-yl)thiazol-2-yl)hydrazineylidene)-methyl)phenoxy)acetyl)piperazin-1-
yl)ethan-1-one (10). Brown powder (78%), mp 244-246 °C; IR (cm™): 3229 (NH), 1665 (C=0); *H-NMR (DMSO):
6 2.50 (s, 6H, CHs), 6 3.49 (d, 8H, -NCH»-), 4.91 (s, 4H, -OCH,-), 6.84-6.96 (m, 6H, ArH), 7.42 (s, 2H, thiazole-5-
H), 7.43-7.56 (m, 12H, ArH), 7.90 (s, 2H, CH=N), 7.94 (s, 2H, pyrazole-3-H), 12.00 (s, 2H, NH); 13C-NMR: & 18.5,
44.7, 67.0, 104.7, 105.2, 115.6, 117.0, 125.0, 126.4, 129.3, 131.0, 134.1, 135.1, 143.3, 149.0, 161.4, 167.3,
177.8; MS: m/z (%) 917 (M*). Anal. Calcd. For CasHa4N1204S2: C, 62.87; H, 4.84; N, 18.33; S, 6.99. Found: C,
62.84; H, 4.81; N, 18.31; S, 6.91%.
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1,1'-(Piperazine-1,4-diyl)bis(2-(2-((2-(4-(4-chlorophenyl)thiazol-2-yl)hydrazineylidene)
methyl)phenoxy)ethan-1-one) (13). Creamy powder (80%), mp 230-233 °C; IR (cm™): 3224 (NH), 1653 (C=0);
1H-NMR (DMSO): & 3.50 (d, 8H, -NCHy-), 4.98 (s, 4H, -OCH,-), 6.94-6.98 (m, 8H, ArH), 7.36 (s, 2H, thiazole-5-H),
7.42 (d, J 7.5 Hz, 4H, ArH), 7.83 (d, J 8 Hz, 4H, ArH), 8.38 (s, 2H, CH=N), 12.22 (s, 2H, NH); MS: m/z (%) 825
(M*). Anal. Calcd. For CaoH34Cl;Ng04S;: C, 58.18; H, 4.15; N, 13.57; S, 7.76. Found: C, 58.15; H, 4.11; N, 13.59;
S, 7.73%.

Synthesis of bis(thiazoles) 12 and 14. To a solution of the bis(thiosemicarbazone) 5 or 6, in ethanol (25mL)
containing TEA (0.2 ml) the appropriate a-ketohydrazonoyl chlorides 11 (2 mmol) was added. The reaction
mixture was heated under reflux for 5 h. The solvent was then evaporated in vacuo, and the solid residues
were collected by filtration and recrystallized from ethanol/DMF to give compounds 12 and 14.
1,1'-(Piperazine-1,4-diyl)bis(2-(4-((2-(5-((4-chlorophenyl)diazenyl)-4-methylthiazol-2-
yl)hydrazineylidene)methyl)phenoxy)ethan-1-one) (12). Orange crystal (85%), mp 260-262 °C; IR (cm™): 3233
(NH), 1661 (C=0); H-NMR (DMSO): & 2.54 (s, 6H, CHs), 3.50 (d, 8H, -NCHy-), 4.97 (s, 4H, -OCH,-), 7.05 (d, J 8
Hz, 4H, ArH), 7.33 (s, 8H, ArH), 7.78 (d, J 7.5 Hz, 4H, ArH), 8.59 (s, 2H, CH=N), 10.61 (s, 2H, NH); 3C-NMR: &
17.0,44.4, 66.3, 115.7, 116.2, 126.2, 127.3, 129.7, 130.5, 139.3, 142.9, 149.2, 160.4, 161.4, 166.3, 178.6; MS:
m/z (%) 908 (M*). Anal. Calcd. For Cs2H3sCl2N1204S;: C, 55.44; H, 4.21; N, 18.47; S, 7.05. Found: C, 55.44; H,
4.23; N, 18.45; S, 7.02%.
1,1'-(Piperazine-1,4-diyl)bis(2-(2-((2-(5-((4-chlorophenyl)diazenyl)-4-methylthiazol-2-yl)-
hydrazineylidene)methyl)phenoxy)ethan-1-one) (14). Orange crystal (78%), mp 242-244 °C; IR (cm™): 3229
(NH), 1663 (C=0); H-NMR (DMSO): 6 2.55 (s, 6H, CHs), 3.49 (d, 8H, -NCH,-), 4.94 (s, 4H, -OCH»-), 6.93 (d, J 7.5
Hz, 4H, ArH), 7.29-7.34 (m, 4H, ArH), 7.91-8.15 (m, 8H, ArH), 8.40 (s, 2H, CH=N), 11.49 (s, 2H, NH); MS: m/z (%)
908 (M*). Anal. Calcd. For Cs2H3sClaN1204S2: C, 55.44; H, 4.21; N, 18.47; S, 7.05. Found: C, 55.44; H, 4.23; N,
18.45; S, 7.02%.

Synthesis of 1,1'-(piperazine-1,4-diyl)bis(2-acetylphenoxy)ethanone) derivative 16. 4-Hydroxyacetophenone
15 (10 mmol) was dissolved in hot ethanolic KOH solution (prepared by dissolving 0.56 g (10 mmol) of KOH in
10 mL of absolute ethanol), and the solvent was then removed in vacuo. The remaining material was dissolved
in DMF (10 mL) and 1,1’-(piperazine-1,4-diyl)bis(2-chloroethan-1-one) (2) (5 mmol) was added. The reaction
mixture was refluxed for 10 min. during which KCl was separated. The solvent was then removed in vacuo and
the remaining materials were poured onto crushed ice. The crude product was recrystallized from DMF 1 as
colorless crystals (79%), mp 240 °C; IR (KBr) 1698 (C=0), 1677 (C=0) cm™*; *H-NMR: & 2.51 (s, 6H, CH3), 3.51 (d,
8H, NCH3), 5.00 (s, 4H, OCH3), 7.02 (d, J 8.7 Hz, 4H, ArH), 7.91 (d, J 8.7 Hz, 4H, ArH); MS: m/z (%) 438 (M*).
Anal. Calcd. for C24H26N206; C, 65.74; H, 5.98; N, 6.39. Found: C, 65.71; H, 5.97; N, 6.38.%

Synthesis of 2,2'-((((piperazine-1,4-diylbis(2-oxoethane-2,1-diyl))bis(oxy))bis(4,1-phenylene))bis(ethan-1-yl-
1-ylidene))bis(hydrazine-1-carbothioamide) (17). To a solution of the piperazine bis(acetyl)
compound 16 (10 mmol) in absolute ethanol (25 mL) containing 1 ml of acetic acid, thiosemicarbazide (4)
(20 mmol) was added. The reaction mixture was heated under reflux for 3 h and then cooled. The solid formed
was collected by filtration and recrystallized from ethanol/DMF to give 17 as a creamy powder (80%), mp 212-
214 °C; IR (cm): 3415, 3295 (NH,), 3158 (NH), 1664 (C=0); *H-NMR (DMSO): & 2.26 (s, 6H, CHs), 3.50 (d, 8H, -
NCH,-), 4.91 (s, 4H, -OCHy-), 6.92 (d, J 9 Hz, 4H, ArH), 7.71 (s, 4H, NH.), 7.86 (d, J 9 Hz, 4H, ArH), 10.09 (s, 2H,
NH); MS: m/z (%) 584 (M*). Anal. Calcd. For CysH32Ng04S2: C, 53.41; H, 5.52; N, 19.16; S, 10.97. Found: C,
53.41; H, 5.50; N, 19.17; S, 10.98%.
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Synthesis of bis(thiazoles) 19, 21, and 23. A mixture of the appropriate 2-bromoethanone or a-
ketohydrazonoyl derivatives (2 mmol) with the bis(acetylthiosemicarbazone) 17 (1 mmol) was dissolved in
ethanol (25 mL), TEA (0.2 mL) was added, and the reaction mixture was heated at reflux for 3-5 h. The reaction
mixture was then left to cool, and the solid product was filtered off and recrystallized from ethanol/DMF, to
afford compounds 19, 21, and 23.
1,1'-(Piperazine-1,4-diyl)bis(2-(4-(1-(2-(4-(4-chlorophenyl)thiazol-2-yl)hydrazineylidene)ethyl)-
phenoxy)ethan-1-one) (19). Brown powder (87%), mp 255-257 °C; IR (cm™): 3250 (NH), 1663 (C=0); *H-NMR
(DMSO): &6 2.26 (s, 6H, CHs), 3.50 (d, 8H, -NCH-), 4.90 (s, 4H, -OCH>-), 6.95 (d, J 7 Hz, 4H, ArH), 7.35 (s, 2H,
thiazole-5-H), 7.43 (d, J 8 Hz, 4H, ArH), 7.68 (d, J 7 Hz, 4H, ArH), 7.85 (d, J 7.5 Hz, 4H, ArH), 11.14 (s, 2H, NH);
13C-NMR: 6 19.4, 44.0, 67.3, 104.0, 116.4, 126.5, 127.0, 129.3, 130.9, 139.7, 142.5, 148.0, 160.1, 161.8, 166.0,
172.9; MS: m/z (%) 852 (M*). Anal. Calcd. For Ca2H3sClaNgO4S2: C, 59.08; H, 4.49; N, 13.12; S, 7.51. Found: C,
59.08; H, 4.46; N, 13.11; S, 7.51%.
1,1'-(Piperazine-1,4-diyl)bis(2-(4-(1-(2-(4-(benzo[d]thiazol-2-yl)thiazol-2-yl)hydrazineylidene)-
ethyl)phenoxy)ethan-1-one) (21). Yellow powder (85%), mp 247-249 °C; IR (cm™): 3275 (NH), 1661 (C=0); H-
NMR (DMSO): & 2.32 (s, 6H, CHs), 3.53 (d, 8H, -NCH2-), 4.93 (s, 4H, -OCH-), 6.98-8.11 (m, 18H, ArH and
thiazole-5-H), 11.40 (s, 2H, NH); MS: m/z (%) 898 (M*). Anal. Calcd. For CasH3sN100aSs: C, 58.78; H, 4.26; N,
15.58; S, 14.26. Found: C, 58.77; H, 4.25; N, 15.58; S, 14.25%.
1,1'-(Piperazine-1,4-diyl)bis(2-(4-(1-(2-(5-((4-chlorophenyl)diazenyl)-4-methylthiazol-2-
yl)hydrazineylidene)ethyl)phenoxy)ethan-1-one) (23). Orange powder (83%), mp 270-272 °C; IR (cm™): 3290
(NH), 1659 (C=0); H-NMR (DMSO): & 2.44 (s, 6H, CHs), 2.52 (s, 6H, CHs), 3.50 (d, 8H, -NCH.-), 5.00 (s, 4H, -
OCH,-), 7.01-7.90 (m, 16H, ArH), 10.57 (s, 2H, NH); MS: m/z (%) 936 (M*). Anal. Calcd. For CasHa2Cl2N1204S5: C,
56.35; H, 4.51; N, 17.92; S, 6.84. Found: C, 56.33; H, 4.52; N, 17.92; S, 6.81 %.

Synthesis of 1,1'-(piperazine-1,4-diyl)bis(2-(4-(2-bromoacetyl)phenoxy)ethan-1-one) 18. To a stirred solution
of the bis(acetophenone) derivative 16 (I0 mmol) and p-TsOH (5.6 g, 20 mmol) in acetonitrile (50 mL) was
slowly added NBS (3.6 g, 20 mmol). After the addition of NBS was complete, the reaction mixture was heated
at reflux with stirring for 2—3 h then left to cool to room temperature. The solvent was evaporated in vacuo
and the residue was dissolved in chloroform (50 mL), washed with water (20 mL), and dried over MgSQOa. After
evaporation of the solvent, the resulting solid was recrystallized from ethyl acetate to afford the bis(a-
bromoketone) derivative 18 as colorless powder, (71%), mp 136 °C; IR (KBr) 1697 (C=0), 1659 (C=0) cm%; *H-
NMR: & 3.51 (d, 8H, NCH,), 4.82 (s, 4H, CH2Br), 5.03 (s,4H, OCH,), 7.05 (d, J 8.4 Hz, 4H, ArH), 7.96 (d, J 8.4 Hz,
4H, ArH); MS: m/z (%) 596 (M*). Anal. Calcd. for C24H24BraN2Og; C, 48.34; H, 4.06; N, 4.70. Found: C, 48.33; H,
4.05; N, 4.67.%

Synthesis of 1,1'-(piperazine-1,4-diyl)bis(2-(4-(2-(2-(4-nitrobenzylidene)hydrazineyl)thiazol-4-
yl)phenoxy)ethan-1-one) (25). To a solution of the piperazine bis(a-bromoketone) 18 (1 mmol) in ethanol (25
mL) containing TEA (0.2 mL), the para nitro benzaldehyde thiosemicarbazone (24) (2 mmol) was added. The
reaction mixture was heated at reflux for 4 h. The obtained solid products upon cooling were filtered off and
then recrystallized from ethanol/DMF to afford compounds 25 as red powder (87%), mp >300 °C; IR (cm™):
3298 (NH), 1665 (C=0); *H-NMR (DMSO): & 3. 3.49 (d, 8H, -NCH2-), 4.88 (s, 4H, -OCH2-), 6.95 (d, J 7.5 Hz, 4H,
ArH), 7.21 (s, 2H, thiazole-5-H), 7.74 (d, J 7.5 Hz, 4H, ArH), 7.85 (d, J 8 Hz, 4H, ArH), 8.07 (s, 2H, CH=N), 8.23 (d,
J 8 Hz, 4H, ArH), 12.53 (s, 2H, NH); 3C-NMR: 6 45.6, 66.4, 106.1, 115.9, 124.6, 126.5, 127.2, 129.4, 130.2,
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136.3, 143.2, 148.0, 160.6, 166.1, 173.3; MS: m/z (%) 846 (M*). Anal. Calcd. For CsoH34N100sS2: C, 56.73; H,
4.05; N, 16.54; ; S, 7.57. Found: C, 56.70; H, 4.04; N, 16.54; S, 7.56 %.

Supplementary Material

Copies of *H and 3C NMR spectra of new compounds are given in the supplementary material associated with
this manuscript.
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